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© A portable apparatus (26) and method for moni- 
toring heart muscle electrical activity includes a plu- 
rality of electrical contacts (28a,28b,30a,30b) and a 
monitoring unit (36). The contacts (28a,28b,30a,30b) 
receive the electrical signals generated by the heart 
muscle of a patient (34) and transmit the signals to 
the monitoring unit (36). A reference axis (22) is 
established for each signal (10,18) by the monitoring 
unit (36). Predetermined portions of each signal 
(10,18) are then used by the monitoring unit (36) to 
identify the ST segment (20) of the signal which is 
then compared to the reference axis (22). Whenever 
a series of ST segments (20) exhibit an ST deviation 
(24) from the reference axis (22) which exceeds a 
predetermined threshold ST deviation (66), the moni- 
toring unit (36) records data relating thereto which is 
used for diagnosis of myocardial ischemia. 
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FIELD OF THE INVENTION 

The present invention relates generally to mon- 
itoring heart muscle electrical activity. More par- 
ticularly, the present invention relates to an appara- 
tus and method for detecting abnormal heart mus- 
cle electrical activity. The present invention particu- 
larly, though not exclusively, relates to an appara- 
tus and method for detecting myocardial ischemia 
by measuring deviations in the ST segment. 

BACKGROUND OF THE INVENTION 

A restricted blood supply to the heart muscle is 
a condition termed myocardial ischemia which is 
evidenced by abnormal heart muscle electrical ac- 
tivity. Untreated, myocardial ischemia can ultimate- 
ly result in heart failure. As a result, monitoring of 
the electrical signals which stimulate the heart 
muscle is an invaluable diagnostic tool for deter- 
mining the health of the heart and identifying ab- 
normalities thereof. 

When the electrical signal of a heart muscle is 
plotted over time, it defines a characteristic curve 
having a waveform which extends periodically 
above and below a horizontal reference axis con- 
ventionally termed the isoelectric line. Each eleva- 
tion or depression of the signal curve above or 
below the reference axis respectively is termed a 
wave and is identified by a letter. There are a total 
of six waves in each period of the signal which are 
identified by the letters, P, Q, R, S, T, and U. A 
straight line connecting two waves of the signal 
curve is further identified as a segment, while a 
wave and connecting straight line is termed an 
interval. Segments and intervals are identified by 
various combinations of the above-listed letters. 

A normal electrical signal of a healthy heart 
muscle is generally reflected in a regular curve 
having predictable PR and ST segments and PA, 
QRS, and QT intervals. Anomalous electrical sig- 
nals of a heart muscle are reflected by deviations 
in specific portions of the curve from the predicted 
norm. Such deviations, and specifically deviations 
of the ST segment, may be symptomatic of myo- 
cardial ischemia. 

Conventional electrical monitoring devices of 
the heart muscle are usually relatively immobile 
and complex to operate which requires them to be 
maintained in a central medical facility for operation 
by skilled personnel. As a result, outpatients at 
such facilities only receive monitoring periodically 
and for a short duration. However, diagnosis of 
myocardial ischemia generally requires the com- 
pilation of signal histories for an extended period of 
time which periodic monitoring does not provide. 

Portable monitors for heart muscle electrical 
activity represent a potential solution to this prob- 



lem. Unfortunately, satisfactory portable monitors 
have not been developed which are sufficiently 
small to enable full mobility of the patient, yet 
which are sufficiently sophisticated to enable con- 

5 tinuous and reliable electrical monitoring of the 
patient in remote environments. As such, an elec- 
trical monitor is needed which specifically monitors 
electrical signals of the heart muscle and detects 
abnormal activity thereof. A monitor is needed 

70 which enables recording and displaying of relevant 
diagnostic data relating to anomalous heart muscle 
electrical signals. Further, such a monitor is need- 
ed which is portable, thereby enabling full mobility 
of the patient while providing continuous effective 

75 operation in remote environments. 

SUMMARY OF THE INVENTION 

The present invention provides a device for 
20 detecting abnormal electrical activity in the heart 
muscle of a patient. In one aspect, the invention 
provides an apparatus for monitoring heart muscle 
electrical activity of a patient characterised by com- 
prising: 

25 means positionable on the body of a patient for 
receiving electrical heart muscle signals generated 
by the patient; 

means for establishing a reference axis relative 
to each of said signals; 
30 means for identifying an ST segment in each 
of said signals; 

means for measuring an ST deviation from 
said reference axis of each said ST segment and 
comparing said ST deviation to a predetermined 
35 threshold ST deviation; and 

means for storing an anomalous ST deviation 
exceeding said predetermined threshold ST de- 
viation. In a further aspect, the invention provides a 
method of employing a portable monitoring unit for 
40 monitoring heart muscle electrical activity, the 
method being characterised by comprising: 

obtaining electrical heart muscle signals and 
transmitting said signals to said monitoring unit; 
establishing a reference axis relative to each of 
45 said signals by means of said monitoring unit; 

identifying an ST segment in each of said 
signals by means of said monitoring unit; 

measuring an ST deviation from said reference 
axis for each said ST segment and comparing said 
so ST deviation to a predetermined threshold ST de- 
viation by means of said monitoring unit; and 

storing an anomalous ST deviation exceeding 
said predetermined threshold ST deviation, by 
means of a memory within said monitoring unit. A 
55 device according to a preferred embodiment of the 
invention thus comprises a plurality of electrical 
contacts and a self-contained monitoring unit, 
which are designed to operate in conjunction with 
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structurally separate data transmission and data 
display units. The contacts are positionable on the 
chest of a patient to receive electrical signals which 
are generated by the electrical activity of the pa- 
tient's heart muscle. Electrical signals so received 
are transmitted to the monitoring unit for conversa- 
tion to meaningful diagnostic data. 

Specifically, the present invention recognizes 
that the ST segment of the heart muscle electrical 
signal, is a key indicator of myocardial ischemia. 
The ST segment of a typical healthy heart is a 
straight line of zero slope on or near a horizontal 
reference axis. If the ST segment is parallel to the 
reference axis, but is elevated or depressed by a 
significant deviation from the reference axis, the 
heart muscle signal is termed anomalous which 
may be indicative of an unhealthy heart muscle. 
Likewise, an ST segment exhibiting a significant 
positive or negative slope, may further be indicative 
of an unhealthy heart. 

The monitoring unit of the present invention is 
provided with the requisite electronic circuitry and 
corresponding software to establish the reference 
axis for each signal, identify the ST segment of 
each such signal, and compare the ST segment 
with the reference axis. Accordingly, the monitoring 
unit measures the extent to which the ST segment 
deviates above or below the reference axis. This 
quantity, which is termed the measured ST de- 
viation, is compared to a predetermined threshold 
deviation of the ST segment which is stored in the 
memory of the monitoring unit. When the monitor- 
ing unit first detects an ST deviation which exceeds 
the predetermined threshold ST deviation, the 
monitoring unit identifies this measured ST seg- 
ment as an anomalous ST segment deviation ini- 
tiating an ischemic event. The associated signal is 
then stored while the monitoring unit continues to 
search for further measured ST deviations exceed- 
ing the threshold ST deviation. Consecutive signals 
having ST deviations exceeding the threshold con- 
stitute an episode. For each episode, the monitor- 
ing unit records the first signal of the episode as 
noted above, the last signal of the episode, and the 
signal representing the maximum ST deviation of 
the episode, if there is such a maximum. To sup- 
plement these recorded signals, associated data 
such as slope of the ST segment, duration ,of the 
episode and heartbeat rate are also recorded. This 
data recording procedure is repeated for each oc- 
currence of a new episode. 

The recorded signals and associated data can 
be displayed by transmitting them from the moni- 
toring unit to a remote display unit via a data 
transmission unit. Upon receiving the recorded sig- 
nals and associated data from the monitoring unit 
for each episode, the display unit has the ability to 
print out the signals in graphical form along with 



the associated data in a summary report therewith. 
The display unit can be equipped to receive the 
output of a plurality of monitoring units from sepa- 
rate patients and from the same or different data 
5 transmission units. Each monitoring unit has a 
unique identification code which is transmitted to 
the display unit and displayed with the episode to 
identify the patient associated therewith. 

The present device and method have a number 
io of features which facilitate utility by a physician as 
a tool for the detection and diagnosis of existing or 
future heart problems. For example, the predeter- 
mined threshold ST deviation is adjustable by the 
physician and is advantageously set such that 
75 measured ST deviations greater than the predeter- 
mined threshold ST deviation reliably suggest a 
potential heart problem. The monitoring unit further 
provides pointers to be displayed with the print- 
outs of the signals from the display unit which 
20 ensure the integrity of the data. A first pointer is 
provided to identify the point on the PR segment of 
each period which is used to establish the refer- 
ence axis. A second pointer is provided to identify 
that point on each period of the ST segment where 
25 the actual ST deviation is measured. If a pointer is 
absent from a given period of a signal, it indicates 
that the monitoring unit was unable to determine 
the corresponding information for that period. 

In further accordance with the utility of the 
30 present invention, the monitoring unit is designed 
to be portable. As a result, the mobility of the 
patient is not restricted by continuous use of the 
device throughout the patient's range of everyday 
activities. To facilitate portability, the monitoring 
35 unit is sized to affix to the patient and can be 
powered by a portable battery which has a long life 
of 96 hours or more due to power conservative 
operation of the monitoring unit. The data transmis- 
sion unit can be maintained separate from the 
40 monitoring unit and coupled therewith only when 
downloading and display of recorded data is de- 
sired. Thus, portability of the monitoring unit is 
enhanced by its selective data transmission capa- 
bility. Because the monitoring unit can operate 
45 independent of the transmission and display func- 
tions, the patient is not encumbered by the atten- 
dant equipment necessary to transmit and perform 
continuous data displays. 

Finally, there is no practical limit to the data 
so recording capabilities of the monitoring unit be- 
cause, as noted above, it can be periodically down- 
loaded to the data transmission unit whenever 
memory capacity is reached. Upon downloading, 
the memory of the monitoring unit is cleared and 
55 the unit is immediately available to resume moni- 
toring the electrical signals of the patient's heart. 
This ensures that a continuous study of the pa- 
tient's heart for a period of days or even weeks can 
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be performed without significant data storage re- 
straints. 

The novel features of this invention, as well as 
the invention itself, both as to its structure and its 
operation, will be best understood from the accom- 
panying drawings, taken in conjunction with the 
accompanying description, in which similar refer- 
ence characters refer to similar parts, and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plot of a normal heart muscle 
electrical signal; 

Figure 2 is a plot of an anomalous heart muscle 
electrical signal; 

Figure 3 is a schematic block diagram of the 

device of the present invention; 

Figure 4 is a perspective of the monitoring unit 

in place on the body of a patient; and 

Figure 5 is a plot of the ST trend diagram. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

Figure 1 graphically illustrates a single period 
of a typical normal heart muscle electrical signal 10 
on a one millimeter square grid which is shown 
blown up here for clarity. The vertical scale of 
Figure 1 is the electrical force of the signal, 
wherein 1 millimeter = 0.1 millivolt. The horizontal 
scale is time, wherein 1 millimeter = 0.4 second. 
The reference axis 12 of the signal, which is con- 
ventionally termed the isoelectric line, is estab- 
lished by drawing a horizontal line of zero slope 
through the PR segment 14. ST segment 16 is 
noted extending from the end of the S wave to the 
beginning of the T wave and for a typical healthy 
heart is characterizable as having zero slope and 
lying substantially on reference line 12. 

Figure 2 graphically illustrates a single period 
of an anomalous heart muscle electrical signal 18. 
The anomalous curve 18 has substantially the 
same shape as the normal curve 10 of Figure 1, 
but the anomalous ST segment 20 is significantly 
depressed below the reference axis 22 of signal 
18. The distance 24 that ST segment 20 deviates 
from the reference axis 22, either above or below, 
is termed the ST deviation. In the present case ST 
deviation 24 is a depression of about 1.5mm. 

Figure 3 schematically shows the device of the 
present invention designated generally as 26. Two 
pairs of conventional electrical contacts 28, 30 are 
provided which attach to the skin on the chest 32 
of patient 34. Although two pairs of contacts 28, 30 
are shown here, it is understood that device 26 is 
operable with a single pair of contacts or any 
number of contacts greater than shown. The posi- 
tioning of the contacts 28a, 28b, 30a, 30b is within 



the purview of the skilled artisan such that they are 
best able to receive the electrical signals of the 
heart muscle. 

Each pair of contacts 28, 30 is an electrical 
5 pick-up in communication with monitoring unit 36 
via lines 38 and 40 respectively. Although contact 
pairs 28, 30 are intended to detect the same heart 
muscle activity, each pair may measure a substan- 
tially different signal because of their different posi- 

w tions relative to the heart of patient 34. Accordingly, 
lines 38 and 40 define separate data channels 
being fed to monitoring unit 36. In the preferred 
embodiment, monitoring unit 36 is capable of pro- 
cessing a plurality of data channels separately. 

75 However, device 20 will be described hereafter in 
the context of a single data channel 38, it being 
understood that the description of data channel 38 
applies similarly to data channel 40 or any addi- 
tional data channels which result when additional 

20 contacts are employed. 

Monitoring unit 36 is provided with internal 
components which enable it to electronically pro- 
cess heart muscle electrical signals transmitted 
from contacts 28, 30 and convert them into mean- 

25 ingful diagnostic data according to a method de- 
scribed hereafter. Internal components of monitor- 
ing unit 36 include an analog to digital converter 
42, a microprocessor 44, and a memory 46. A 
power pack 48, which may be a conventional 9 volt 

30 battery, powers monitoring unit 48. 

Electrical communication is selectively pro- 
vided between memory 46 of monitoring unit 36 
and a data transmission unit 50 across a releasable 
linkage 52 such as an infrared optical coupling so 

35 that monitoring unit 36 and data transmission unit 
50 can be maintained structurally separate. Data 
transmission unit 50 is provided internally with a 
memory 54 and a transmitter 56 which is prefer- 
ably a telephone modem. 

40 Data transmission unit 50 is in selective com- 
munication with display unit 58 via line 60 which is 
preferably a telephone line linkable to transmitter 
56. Display unit 58 is preferably a central process- 
ing unit (CPU) in command of conventional printers 

45 capable of generating strip recordings in the form 
of Figures 1 and 2 as well as associated data for 
compilation in a report. Display unit 58 may be 
further provided with a capability to transmit the 
reports via facsimile equipment to physicians 1 re- 

50 mote offices. 

Figure 4 shows a preferred embodiment of the 
present invention as it is worn on the body of 
patient 34. Monitoring unit 36 is housed within a 
self-contained enclosure 62 which is sufficiently 

55 small and lightweight to be portable. As shown 
herein, enclosure 62 is attachable to the patient 34 
by a belt 64. Alternatively, the enclosure 62 can be 
clipped to or inserted in the patient's clothing dur- 
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ing everyday use of the monitoring unit 36, The 
monitoring unit 36 is intended to be continuously 
used in this fashion without substantially restricting 
the mobility or range of activities of the patient. 

The method of operation of the present inven- 
tion is now described in gross with reference to 
Figures 1-5. In operation, monitoring unit 36 is first 
positioned on the patient 34 by attaching contacts 
28a, 28b to the chest 32 and attaching enclosure 
62 to the patient 34 as shown in Figure 4. Referring 
back to Figure 3, line 38 is then secured between 
contacts 28a, 28b and monitoring unit 36. Power is 
supplied to monitoring unit 36 from power pack 50, 
placing unit 36 in an operational state. 

When the myocardial cells of the heart muscle 
produce an electrical signal of the form as shown 
for example in Figure 1, the signal 10 is received 
by contacts 28a, 28b and transmitted via line 38 in 
an analog form to monitoring unit 36. Analog to 
digital converter 42 digitizes the signal 10 and 
sends it to microprocessor 44 which establishes 
the reference axis 12 by locating the PR segment 
of signal 10. Microprocessor 44 then locates the 
ST segment 16 of signal 10 and measures the ST 
deviation of the signal relative to the reference axis 
12. Since the ST deviation in Figure 1 is substan- 
tially zero, it does not exceed the threshold de- 
viation. Therefore, signal 10 is not stored and moni- 
toring unit 36 continues to receive the next signal 
for processing in this same manner. 

If the next signal is of the form shown in Figure 
2, a significant ST deviation 24 is detected by 
monitoring unit 36. Microprocessor 36 compares 
measured ST deviation 24 to a fixed threshold ST 
deviation 66 which is predetermined and stored in 
memory 46. Threshold ST deviation 66 is indicated 
by the horizontal dashed line in Figure 2. The 
threshold ST deviation is advantageously predeter- 
mined such that measured ST deviations greater 
than the predetermined threshold ST deviation reli- 
ably suggest myocardial ischemia. Thus, measure- 
ments of ST deviations exceeding the threshold 
serve as a notice to obtain close medical attention. 
For measuring depressions, a threshold ST de- 
viation is generally preselected greater than about 
0.5 mm, preferably greater than about 1 mm, and 
most preferably between about 1 and 1.5 mm 
below the reference axis 22. In contrast, for mea- 
suring elevations, a threshold ST deviation is gen- 
erally preselected somewhat higher than that for a 
depression. A typical threshold is on the order of 
about 2.0 mm. 

Once monitoring unit 36 determines that signal 
18 has initiated an event of interest, monitoring unit 
36 stores signal 18 in memory 46 while micropro- 
cessor 44 receives consecutive subsequent sig- 
nals. 

If microprocessor 44 continues to measure de- 



viations of subsequent consecutive signals which 
exceed the threshold deviation for an arbitrary 
preselected minimum time period (typically about 1 
minute), the entire sequence of signals is des- 

5 ignated an ischemic episode and the following data 
relating to the episode are retained in memory 46: 
value of the reference axis, value of the threshold 
ST deviation, ST deviation of each signal, a sepa- 
rate strip (6 seconds in duration) for the signal 

70 initiating the episode, terminating the episode, and 
having the maximum ST deviation of the episode (if 
any), slope of the ST segments of the initiating, 
terminating and maximum signals, duration of the 
episode, and heart rate throughout the episode. 

75 The data is retained in memory 46 until capac- 
ity is reached, at which time, monitoring unit 36 is 
removed from patient 34 and placed in commu- 
nication with data transmission unit 50. Memory 46 
transmits data across linkage 52 to data transmis- 

20 sion unit 50 which in turn stores the data in mem- 
ory 54 for transmission by transmitter 56 to display 
unit 58. Once memory 46 is downloaded, it is 
cleared, and capable of resuming data storage. 
Thus, monitoring unit 36 is returned to patient 34 at 

25 this time for continued operation. 

Display unit 58 can produce all of the above 
recited numeric data in report form along with full 
print-outs of the six-second strips upon receipt 
from data transmission unit 50. Additionally an ST 

30 trend plot shown in Figure 5 can be produced from 
a compilation of the ST deviation data for each 
signal. In the plot, the measured ST deviation is the 
vertical axis and time is the horizontal axis. The 
initiating ST deviation is denoted 24, the maximum 

35 ST deviation is 68, and the terminating deviation is 
70. It is apparent that the episode initiates and 
terminates at the threshold deviation 66. 

The above-described data recording procedure 
is repeated for each successive episode. The 

40 amount of data recorded in an episode or a series 
of episodes is not limited to the available memory 
46 in monitoring unit 36 because of the down- 
loading capability to transmission unit 50. There : 
fore, continuous studies of the heart can be per- 

45 formed which exceed the limitations of the memory 
46 in monitoring unit 36. 

In practice a number of additional operational 
features are built into the monitoring unit 36 which 
expand its data processing capabilities and insure 

so the integrity of the data obtained thereby. Although 
microprocessor 44 has been described for simplic- 
ity as utilizing individual heart muscle electrical 
signals to establish when an ST threshold deviation 
is exceeded, in practice, an episode is not initiated 

55 until the average deviation of multiple consecutive 
signals exceeds the threshold deviation. By using 
the average, isolated aberrant or erroneous signal 
measurements are discounted. Thus, for example, 
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if measured ST deviation 24 was only a single 
isolated deviation, microprocessor 44 would recog- 
nize that no episode had occurred and eliminate 
the strip containing signal 20 from memory 46. 

Monitoring unit 36 also averages the QRS in- 5 
terval width of multiple signals in microprocessor 
44 and uses this average to discard invalid signals. 
When microprocessor 44 identifies a signal with an 
excessive QRS interval width relative to the aver- 
age, microprocessor 44 collects no further ST seg- 10 
ment data on that signal. Other signal rejection 
criteria used by microprocessor 44 include exces- 
sively narrow signal, premature signal, reference 
axis wander, absence of R wave, or signal pause. 
Signals evidencing any or all of these characteris- 75 
tics are rejected and data recording does not re- 
sume until the signals stabilize. Similarly, if an ST 
segment is identified as having an excessive slope, 
that segment will be rejected from the collected 
data. 20 

The monitoring unit 36 has been described 
above for operation in an automatic mode. How- 
ever, patient 34 can activate the ST segment data 
acquisition and recording function of monitoring 
unit 36 at any time he or she is symptomatic. 25 
Referring to Figure 4, patient 34 can record a strip 
without monitoring unit initiation simply by depress- 
ing an activation button 72 on enclosure 62 in 
communication with microprocessor 44. When the 
strip is displayed by unit 58, it is identified as 30 
resulting from patient activation. 

Enclosure 62 is further shown in Figure 4 hav- 
ing two external switches 74, 76 on its face which 
are in communication with microprocessor 44. 
Switches 74, 76 may be set by patient 34 or a 35 
physician to manually specify operating parameters 
of the monitoring unit 36. Specifically, dip switch 
74 is provided to manually select between a plural- 
ity of time points after the S wave terminates at 
which to measure the ST segment deviation. In the 40 
preferred embodiment, ST deviation can be mea- 
sured at either 60 or 80 milliseconds after termina- 
tion of the S wave. 

Switch 76 provides for one of two modes for 
establishing the threshold ST deviation. In the first 45 
mode, i.e., the absolute mode, the threshold de- 
viation is set at a fixed value which is projected to 
be indicative of ischemia. In a preferred embodi- 
ment, switch 76 has the setting options of 1 .0 and 
2.0 mm for ST depression and 1,2,3 or 4 mm for 50 
ST elevation. The settings are selected on the 
basis of the patient's individual signal characteris- 
tics. In the second mode, i.e. the delta mode, the 
value of the threshold deviation for ST segment 
depression is allowed to float as a function of a 55 
patient's computed normal depression. Thus, if a 
patient consistently indicates an ST depression of 
0.5 mm and switch 76 setting is on 1 .0 mm in the 



delta mode, the threshold depression which will 
initiate an episode is 1.5 mm. 

To enhance data integrity, warnings are pro- 
vided to patient 34 when maintenance of device 26 
is required. Monitoring unit 36 has an audible alarm 
(not shown) and a visual display 78 such as an 
LCD in enclosure 62 shown in Figure 4 which 
indicate when power pack 50 shown in Figure 3 is 
low, input signals from contact pairs 28, 30 are lost, 
or memory 46 is full. Likewise, data transmission 
unit 50 is provided with an alarm to indicate if data 
transfer from monitoring unit 36 or to display unit 
58 is malfunctioning. 

When power pack 50 is low, microprocessor 44 
blocks operation of the monitoring unit 36 to pre- 
vent loss of data until power pack 50 is replaced. 
Furthermore, memory 46 cannot be accessed until 
this condition is corrected. An additional long life 
power backup 80 is provided to memory 46 in the 
event of complete power failure or during changing 
of power pack 50 to ensure that no data is lost. A 
preferred backup is a lithium battery having a bat- 
tery life of many years. 

Pointers 82, 84 shown on Figure 2 are pro- 
vided by microprocessor 44 with strip data to en- 
able validation of the reference axis 22 and ST 
segment deviation 24 measuring points respec- 
tively. Pointers 82, 84 are printed directly on the 
strip when produced by display unit 58. 

While a particular Device for Detecting Ab- 
normal Heart Muscle Electrical Activity as herein 
shown and disclosed in detail is fully capable of 
obtaining the objects and providing the advantages 
herein before stated, it is to be understood that it is 
merely illustrative of the presently preferred em- 
bodiments of the invention and that no limitations 
are intended to the details of construction or design 
herein shown other than as described in the appen- 
ded claims. 

Claims 

1. An apparatus for monitoring heart muscle elec- 
trical activity of a patient characterised by 
comprising: 

means positionable on the body of a pa- 
tient for receiving electrical heart muscle sig- 
nals generated by the patient; 

means for establishing a reference axis 
relative to each of said signals; 

means for identifying an ST segment in 
each of said signals; 

means for measuring an ST deviation from 
said reference axis of each said ST segment 
and comparing said ST deviation to a predeter- 
mined threshold ST deviation; and 

means for storing an anomalous ST de- 
viation exceeding said predetermined threshold 
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ST deviation. 

. An apparatus according to claim 1 charac- 
terised in that said measuring means is further 
for determining an average ST deviation from a 5 
plurality of said ST deviations in sequence and 
for comparing said average ST deviation to 
said predetermined threshold ST deviation and 
wherein said storing means is further for stor- 
ing a plurality of anomalous ST deviations in ;o 
sequence having an average ST deviation ex- 
ceeding said predetermined threshold devi- 
ation to the exclusion of ST deviations having 
an average ST deviation below said predeter- 
mined threshold ST deviation. ts 

An apparatus according to claim 2 charac- 
terised in that said storing means is further for 
storing a first signal and a last signal of a 
sequence of heart muscle electrical signals 20 
embodying said plurality of anomalous ST de- 
viations in sequence to the exclusion of signals 
embodying ST deviations having an average 
ST deviation below said predetermined thresh- 
old ST deviation. 25 

An apparatus according to claim 3 charac- 
terised in that said storing means is further for 
storing a signal corresponding to a maximum 
ST deviation of said sequence of heart muscle 30 
electrical signals embodying said plurality of 
anomalous ST deviations in sequence. 

An apparatus according to any one of the 
preceding claims characterised in that said 35 
measuring means is further for measuring a 
heart rate time history of said patient while 
measuring said plurality of anomalous ST de- 
viations in sequence and wherein said storing 
means is further for storing said heart rate time 40 
history. 

An apparatus according to any one of the 
preceding claims characterised by further 
comprising means for displaying said stored 45 
ST deviation exceeding said predetermined 
threshold ST deviation and means for transmit- 
ting said stored ST deviation from said storing 
means to said display means. 

50 

An apparatus according to claim 2 charac- 
terised by further comprising means for dis- 
playing said stored plurality of anomalous ST 
deviations in sequence on a plot versus time 
and means for transmitting said plurality of 55 
anomalous ST deviations in sequence from 
said storing means to said display means. 



8. An apparatus according to claim 3 charac- 
terised by further comprising means for dis- 
playing said first signal and said last signal of 
said sequence of heart muscle electrical sig- 
nals embodying said plurality of anomalous ST 
deviations in sequence and means for trans- 
mitting said first signal and said last signal 
from said storing means to said display 
means. 

9. An apparatus according to any one of the 
preceding claims characterised in that said 
measuring means is further for measuring a 
slope of said ST segment relative to said refer- 
ence axis. 

10. An apparatus according to any one of the 
preceding claims characterised by comprising: 

a plurality of electrical contacts positiona- 
ble on the body of a patient to receive, elec- 
trical heart muscle signals generated by the 
patient; and 

a monitoring unit having a microprocessor 
in electrical communication with said plurality 
of electrical contacts to establish a reference 
axis relative to each of said signals, to identify 
an ST segment in each of said signals, to 
measure an ST deviation from said reference 
axis of each said ST segment, and to compare 
said ST deviation to a predetermined threshold 
ST deviation, said monitoring unit further hav- 
ing a memory to store an anomalous ST de- 
viation exceeding said predetermined threshold 
ST deviation. 

11. An apparatus according to claim 10 charac- 
terised by further comprising: 

a data transmission unit in selective com- 
munication with said monitoring unit, said data 
transmission unit having a memory to receive 
said stored anomalous ST deviation from said 
memory of said monitoring unit and having a 
modem to transmit said stored anomalous ST 
deviation: 

a telephone line; and 

a remote central processing unit in selec- 
tive communication with said modem across 
said telephone line for receiving said stored 
anomalous ST deviation and having printing 
means for displaying said stored anomalous 
ST deviation. 

12. An apparatus according to claim 10 or 11 
characterised in that said monitoring unit is 
self-contained and further is portable and affix- 
able to the patient. 

13. A method of employing a portable monitoring 
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unit for monitoring heart muscle electrical ac- 
tivity, the method being characterised by com- 
prising: 

obtaining electrical heart muscle signals 
and transmitting said signals to said monitoring 5 
unit; 

establishing a reference axis relative to 
each of said signals by means of said monitor- 
ing unit; 

identifying an ST segment in each of said 10 
signals by means of said monitoring unit; 

measuring an ST deviation from said refer- 
ence axis for each said ST segment and com- 
paring said ST deviation to a predetermined 
threshold ST deviation by means of said moni- 75 
toring unit; and 

storing an anomalous ST deviation ex- 
ceeding said predetermined threshold ST de- 
viation by means of a memory within said 
monitoring unit. 20 

14. A method for monitoring heart muscle elec- 
trical activity according to claim 13 charac- 
terised by further comprising determining an 
average ST deviation from a plurality of said 25 
ST deviations in sequence and comparing said 
average ST deviation to said predetermined 
threshold ST deviation within said monitoring 

unit, and storing a plurality of anomalous ST 
deviations in sequence having an average ST 30 
deviation exceeding said predetermined 
threshold deviation in said memory of said 
monitoring unit to the exclusion of ST de- 
viations having an average ST deviation below 
said predetermined threshold ST deviation. 35 

15. A method for monitoring heart muscle elec- 
trical activity according to claim 14 further 
comprising storing a first signal and a last 
signal of a sequence of heart muscle electrical 40 
signals embodying said plurality of anomalous 

ST deviations in sequence in said monitoring 
unit of said memory to the exclusion of signals 
embodying ST deviations having an average 
ST deviation below said predetermined thresh- 45 
old ST deviation. 

16. A method for monitoring heart muscle elec- 
trical activity according to claim 13 or 14 
characterised by further comprising download- so 
ing said memory of said monitoring unit into a 
memory of a data transmission unit, transmit- 
ting said plurality of anomalous ST deviations 

in sequence from said memory of said data 
transmission unit to a remote display unit, and 55 
creating a graphical display of said plurality of ' 
anomalous ST deviations versus time. 



17. A method for monitoring heart muscle elec- 
trical activity according to claim 15 charac- 
terised by further comprising downloading said 
memory of said monitoring unit into a memory 
of a data transmission unit, transmitting said 
first and second signals from said memory of 
said data transmission unit to a remote display 
unit, and creating a graphical display of said 
first and second signals versus time. 

18. A method for monitoring heart muscle elec- 
trical activity according to claim 17 charac- 
terised by further comprising labelling with re- 
spect to each said first and last signals a first 
time point on said graphical display where said 
reference axis is established and a second 
time point on said graphical display where said 
ST segment deviation is measured. 
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Fig. 1 
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